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Introduction
To establish the regeneration and subsequent development of forest stands up to harvesting, several silvicultural interventions (called tending interventions) are carried out. These interventions are applied in forest stands at different growth stages, with the aim to provide a healthy environment for their development. One of these operations is thinning. Thinning is defined as a felling made in immature stands with the purpose to improve their growth and to shape the remaining trees, without making permanent breaks in the stand canopy. Thinning is a tending operation carried out in stands first before reacting their sapling stage, and then proceeding up to the beginning of their regeneration period. The thinning principles have been defined in such a way that these are applicable only to pure even-aged or relatively even-aged stands or evenaged groups of trees in a stand. The thinning principles have been developed on the basis of natural development of the stand.
The consequence of a thinning is a reduction of stand density, which causes rapid changes to habitat conditions, such as reduced canopy cover, changes in microclimate, and similar (Canham et al., 1990; von Gadow et al., 2002; Lemenih et al., 2004; Zeide, 2004) . Several groups of organisms have been recognised as responding sensitively to changes in their habitat conditions through changes in the structure of their communities (Barna et al., 2010; Cistrone et al., 2015; Schieber et al., 2015) .
Harvestmen are terrestrial arachnids. They live mainly on the soil surface, but occasionally they also can occur in deeper layers of soil, in leaf litter, on vegetation or on the walls and inside the buildings. Harvestmen serve several functions in ecosystems. They are known as polyphagous invertebrates preferring animal food. They also prey on various invertebrates. The other food sources for harvestmen are dead invertebrates and other organic remains. This way, harvestmen participate in the maintenance of the natural equilibrium in a wide range of terrestrial habitats. Harvestmen thus contribute to the nutrition cycles and energy flow in nature.
The community structure and diversity in harvestmen is influenced by diverse environmental factors; however, temperature and humidity are considered as the most important (Todd, 1949; Branquart et al., 1995; Gava, 2004; Almeida-Neto et al., 2006) . These factors are decisively determined, either directly or indirectly by the type, structure and composition of vegetation (Merino-Sáinz and Anadón, 2015; Proud et al., 2011; Stašiov et al., 2017) . There are lacking studies dealing with the impact of stand density on the structure of harvestmen communities.
Our main objective was to assess the effect of the stand density on the structure of harvestmen communities in a submountain beech forest. Exploration of this relationship may help to facilitate the decision on the appropriate intensity of the cutting interventions in silvicultural management in production forests, which would preserve the original biodiversity of invertebrate communities in submountain beech forests.
Material and methods
The research was carried out at 4 experimental sites (marked as S1 to S4) situated in the Kováčovská dolina valley, the Kremnické vrchy Mts, Central Slovakia (48°38′N, 19°4′E), with altitude ranging 450-475 m a.s.l. All experimental plots were located on the same slope with a 30% inclination and western exposure. The local soil is a loamy-clay cambisol with a depth of 51-70 cm.
The forest stand consists of Fagus silvatica (62% of dominance), Abies alba (22%), Quercus dalechampii (7%), Carpinus betulus (6%) and Tilia cordata (3%), aged 90 years on average.
The stand density on the experimental plots was modified in February 1984 in the following way: experimental site S1 -0.3 -heavy thinning (i.e. 30% stand density), S2 -0.5 -moderate thinning, S3 -0.7 -light thinning. The experimental site S4 remained without changes. The stand densities on these sites in 1996 represented the values: 0.45, 0.57, 0.82, 1.00 for the sites S1, S2, S3 and S4, respectively (Ježík, 1996) . The crown cover (proportion of a stand covered by the crowns of live trees) of the tree layers 1996 was: S1 -103.8%, S2 -133.7%, S3 -179.0%, S4 -210.9% (Ježík, 1996) . Modification of the stand density has also changed the stand canopy openness in the growing season (S1 -27-46%, S2 -10-18%, S3 -4-8%, S4 -3-5%; Střelec, 1993) .
Our research was carried out in 1997 and 1998, by pitfall trapping. On each experimental site, the invertebrates were trapped into 5 pitfall traps, placed on a contour line, spaced 5 m apart. The traps were cylindrical jars (each of volume 0.7 liters, upper diameter of 7.5 cm and depth of 14 cm) filled with 1% formaldehyde to one-third of their volume.
In the two observation years, the traps were exposed from April 4 to October 31. The trapped invertebrates were collected at 30-day intervals. The obtained samples were stored in 70% ethyl alcohol, separated, determined using a dissecting microscope, and deposited in the collection of the first author.
The Shannon index of species diversity (H) working with the natural logarithm was used to compare the diversity of harvestmen communities on the particular experimental plots (Shannon, 1948) . The evenness of communities (E) was calculated using the Shannon-Weaver index (Begon et al., 1990) .
Similarity in the harvestmen community composition between the different experimental plots (S1-S4) was assessed with using Bray-Curtis distances. Prior to the calculation of distances, the species abundances were squareroot transformed to substitute the data on a similar scale. This approach guaranteed that the abundant species did not dominate the results. The generalized discriminant analysis (GDA, Anderson and Robinson, 2003) was used to display the distance matrix in the ordination space. GDA is a form of canonical analysis on the principal coordinates (Anderson and Willis, 2003) maximising the separation among a priori defined groups, such as the stands with different densities in our case. The number of the principle coordinates retained in GDA was determined using the mis-classification error. Since the species identity is lost in GDA, we added species scores to the constrained ordination as the weighted averages of the sample scores.
The analyses were performed in R (R Core Team, 2018) using packages BiodiversityR (Kindt and Coe, 2005) and vegan (Oksanen et al., 2018) .
Results
In total, 942 harvestmen individuals were obtained from the study area. These were assorted into 9 species from 5 families, which represents 25.7% of the harvestmen fauna in Slovakia recognized to date. The data on the total epigeic activity of the species and diversity characteristics of harvestmen communities (number of species, Shannon index, evenness) recorded at the experimental sites in 1997-1998 are summarised in Table 1. The site with the highest stand density (S4) hosted two species (Leiobunum gracile, Mitostoma chrysomelas) not recorded on the sites with lower stand density (S1, S2). On the contrary, Mitopus morio was recorded only on the site with the lowest stand density (S1); however, only as a single specimen.
We also recorded considerable differences among the species in their activity patterns. An apparent negative correlation between epigeic activity and stand density was found in four species (Lophopilio palpinalis, Oligolophus tridens, Nemastoma lugubre, Trogulus nepaeformis). In two other species (Platybunus bucephalus, Dicranolasma scabrum), their epigeic activity increased with increasing stand density ( Table 1) .
The results did not demonstrate considerable influence of stand density on the Shannon index of species diversity or the evenness of harvestmen communities. Nevertheless, in the case of evenness, higher values were found on the site with lower stand density.
Generalised discriminant analysis working with nine principal coordinates maximized the proportion of samples correctly classified to the particular forest stands (61% classification accuracy). An ordination site of GDA shows a clear separation of the harvestmen communities along the first canonical axis (Fig. 1) . For the heavily thinned stand S1 there was typical a higher abundance of L. palpinalis, O. tridens and N. lugubre and the seasonal samples can be reliably assigned to this stand (79% classification accuracy). Similarly, the samples from lightly thinned stand S3 showed a high classification accuracy (79%) and there displayed characteristic higher abundances of D. scabrum and M. chrysomelas. The samples from the remaining stands S2 and S4 were more variable in the species composition and, as such, they formed transitions between S1 and S3. The high within-group variance led to low classification accuracy in these stands (S2 -36% and S4 -50%).
Discussion
The ascertained species structure in the studied harvestman communities corresponds to the environmental conditions in the submountain beech forests. The relatively high species diversity reflects a relatively low disturbance of the studied area.
The high species richness of harvestmen communities in beech forests was also confirmed by other authors. For example, Mihál and Černecká (2017) and also Černecká et al. (2017) evaluated harvestmen communities in sub-mountain beech stands in the Western Carpathians. They found in total 16 species representing 45.7 % of the Slovak opiliofauna. Merino-Sáinz and Anadón (2015) found 11 harvestmen species in natural beech forest in the Muniellos Biosphere Reserve (Asturias, Spain).
∑ ex., total number of individuals; ∑ spp., number of species; H, Shannon index; E, evenness. The high species richness of harvestmen communities in beech forests is implied by the fact that the beech forests offer very favourable habitats for several species. Almost half of all harvestmen species in Slovakia (17 species from the total number of 35 Slovak harvestman species) can be found in the beech forests (monocultures or mixed forests) (Stašiov, 2004a) .
Concerning the ecological requirements, the vast majority of the recorded species belong to those favouring the hygrophilous deciduous and mixed forests (Dicranolasma scabrum, Leiobunum gracile, Lophopilio palpinalis, Platybunus bucephalus, Trogulus nepaeformis). Four species are categorised as euryvalent (Mitopus morio, Mitostoma chrysomelas, Nemastoma lugubre, Oligolophus tridens) (Stašiov, 2004a) .
In terms of the geographical distribution, the found species of harvestmen can be classed into four groups: most of them are European species with a relatively frequent occurrence in Slovakia (Lophopilio palpinalis, Mitostoma chrysomelas, Nemastoma lugubre, Oligolophus tridens, Trogulus nepaeformis), two species (Dicranolasma scabrum, Platybunus bucephalus) belong to South-Eastern European, the species Mitopus morio is Holarctic and Leiobunum gracile is known as Central European (Stašiov, 2004a) . The recorded species mostly belong to the native European fauna. They are wide-spread in various forest habitats from lowlands to mountains.
Considering the three most numerous species recorded (T. nepaeformis, O. tridens, D. scabrum), Mihál and Černecká (2017) confirmed only T. nepaeformis as a dominant component of harvestmen communities in submountain beech stands of the Western Carpathians. These authors recorded T. nepaeformis with a 19.9% dominance -as the second most abundant harvestman following Lophopilio palpinalis with 22.8% dominance. In a beech forest in the Malý Polom National Nature Reserve (NNR), the Kysuce Protected Landscape Area, Slovakia, Stašiov et al. (1997) found Platybunus bucephalus as the most abundant harvestman with 31.8% dominance, followed by O. tridens with 26.2% dominance. In beech forests in the Stužica NNR, Bukovské vrchy Mts., Slovakia, Stašiov (2004b) recorded 9 harvestmen species from which Mitopus morio was the most numerous (56.9% dominance). On the contrary, in the present study this species was found the rarest one. The second most numerous harvestman in the Stužica NNR was P. bucephalus with 13.7% dominance. This variation among all the examined beech forests could result from different altitudes with different climatic conditions. The altitudinal range of our experimental sites was 450-475 m a.s.l. while the altitude of the other above mentioned sites was 900 m a.s.l (Malý Polom NNR) and 640-1,210 m a.s.l. (Stužica NNR). The species M. morio and P. bucephalus prefer higher altitudes (above 600 m a.s.l.) compared to T. nepaeformis, O. tridens and D. scabrum (400-800 m a.s.l.), recorded as the most numerous in our study (Stašiov, 2008) .
The observed values of epigeic activity indicate that the four recorded species (L. palpinalis, O. tridens, N. lu- gubre, T. nepaeformis) prefer forest stands with a lower stand density and also with a sparse canopy cover. Therefore, it can be assumed that these species have not special demands on high humidity of their environment and that they are more tolerant to drier conditions than the species P. bucephalus and D. scabrum which preferred the sites with higher stand density (Table 1) . Generalised discriminant analysis (Fig. 1) revealed that the structure of harvestmen communities of the sites with lower stand density (S1, S2) displayed more variance between the sites than in the case of sites with higher stand density (S3, S4). Apparently, the effect of stand density on harvestmen community composition increased with the degree of thinning.
Beside the harvestmen, there was also studied the influence of stand density on millipedes (Diplopoda) and centipedes (Chilopoda) communities (Stašiov and Svitok, 2014) . Based on the previous results, we concluded that in the submountain beech forests, the density of mature stands, resulting from their previous thinning may significantly influence the structure of the studied communities of epigeic macrofauna (including harvestmen) only if the thinning was very intensive, reducing the stand density below 0.5.
Summary
Thinning interventions applied in the submountain beech forests during their growth impact the density of the mature stands which significantly influenced the structure of harvestmen communities in these stands. Particularly evident was the effect of very intensive thinning with the stand density reduction below 0.5. However, the species varied in their response to the stand density modifications. Four recorded species preferred forest stands with lower stand density (Lophopilio palpinalis, Oligolophus tridens, Nemastoma lugubre, Trogulus nepaeformis) and four species (Platybunus bucephalus, Leiobunum gracile, Dicranolasma scabrum, Mitostoma chrysomelas) preferred forest stands with higher stand density. Therefore, the effect of stand density should be considered not only for the whole community of the studied invertebrate group, but also for the particular species constituting the assemblages at the forest site concerned. The obtained results relate to the conditions of low-altitude beech forests. There remains a question to answer whether this pattern is also valid for beech forest stands situated at higher altitudes.
